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Background and Motivation

2024

2015
ecoDemonstrator 757 flight tests

[Source NASA] [[Source NASA]
AFC-Enhanced Vertical Tail AFC-Enhanced Aileron
Reduce weight, drag and rate of fuel burn Reduce Cruise Drag Increase L/D

)
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Presenter
Presentation Notes
Previous studies with higher Technology Readiness Level  - shown promising results indicating AFC can significantly enhance the performance of high-lift devices by delaying flow separation and increasing lift 

AFC has been a technology investment area for the NASA Advanced Air Transport Technology (AATT) Project. 


10% scale high-lift version of the Common Research (CRM-HL), originally built for AFC testing
2018: the initial AFC research on the CRM-HL model was a joint NASA/Boeing effort, with discussions about future applications and research opportunities

SHL – flap to replace (conventional) Fowler flaps, but a far-term technology because of the amount of AFC momentum needed

2020 – 2204: Localized AFC applications





Motivation
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CRM-HL Model: Takeoff Configuration

AFC Angle of attack range

Reynolds number

Mach number

Sealed Slat

Inboard and Outboard flap
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CRM-HL Model: Aileron
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S
AFC Actuators Spacing

Sweeping Jet (SWIJ) SWi1

SWJ2 12 11 12 22
SWJ3 6 6 6 12
Convergent CD1 23 23 23 43
Divergent Jet (CD) CD2 12 11 12 29

B All actuator nozzle exits were 0.5 mmHx 1.0 mm W

Inboard  Midboard  Outboard
,,,,, —) «— 1.0mm = &= 1.0 mm
Outboard Wing: WUSS and Slat Removed & ﬂ
16°

CD actuator SWIJ actuator
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Presentation Notes
Add cross section to show where blowing is located.  Show the actuator locations


@ Sweeping Jets: Lift Coefficient
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@j Sweeping Jets: Drag Coefficient
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@ Sweeping Jets: Lift-to-Drag ratio

«~SWJ1, NPR=3
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| Sweeping Jets: Amplitude scan at 16
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Presentation Notes
Spacing reduced from left to right => least to most dense actuation configuration

Also, in terms of mass flow rate it goes from lowest to highest.

At 7.5° the flow is separated, there is a strong crossflow from the root to the tip of the aileron. A small separation bubble is observed near the trailing edge covering the same length as the crossflow. At 16° the flow is separated as shown by the tufts pulling up, away from the surface. There is a strong crossflow, tufts are oscillating in the direction of the aileron tip. When we evaluate the behavior of tufts for SWJ1 at NPR2, the flow seems to be attached presenting conditions similar to the nominal aileron deflection angle of $\delta_a=7.5^\circ$. From the flow visualization alone, there is no significant improvement by increasing the actuation amplitude to  NPR3  for SWJ1.
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Presentation Notes
At 7.5° the flow is separated, there is a strong crossflow from the root to the tip of the aileron. A small separation bubble is observed near the trailing edge covering the same length as the crossflow. At 16° the flow is separated as shown by the tufts pulling up, away from the surface. There is a strong crossflow, tufts are oscillating in the direction of the aileron tip. When we evaluate the behavior of tufts for SWJ1 at NPR2, the flow seems to be attached presenting conditions similar to the nominal aileron deflection angle of $\delta_a=7.5^\circ$. From the flow visualization alone, there is no significant improvement by increasing the actuation amplitude to  NPR3  for SWJ1.
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At 7.5° the flow is separated, there is a strong crossflow from the root to the tip of the aileron. A small separation bubble is observed near the trailing edge covering the same length as the crossflow. At 16° the flow is separated as shown by the tufts pulling up, away from the surface. There is a strong crossflow, tufts are oscillating in the direction of the aileron tip. When we evaluate the behavior of tufts for SWJ1 at NPR2, the flow seems to be attached presenting conditions similar to the nominal aileron deflection angle of $\delta_a=7.5^\circ$. From the flow visualization alone, there is no significant improvement by increasing the actuation amplitude to  NPR3  for SWJ1.


| Sweeping Jets: Amplitude scan at 16

AIAA SciTech 2025 ch@R Flow Physics and Control Branch 13


Presenter
Presentation Notes
At 7.5° the flow is separated, there is a strong crossflow from the root to the tip of the aileron. A small separation bubble is observed near the trailing edge covering the same length as the crossflow. At 16° the flow is separated as shown by the tufts pulling up, away from the surface. There is a strong crossflow, tufts are oscillating in the direction of the aileron tip. When we evaluate the behavior of tufts for SWJ1 at NPR2, the flow seems to be attached presenting conditions similar to the nominal aileron deflection angle of $\delta_a=7.5^\circ$. From the flow visualization alone, there is no significant improvement by increasing the actuation amplitude to  NPR3  for SWJ1.


I Sweeping Jets: Amplitude scan at 16
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At 7.5° the flow is separated, there is a strong crossflow from the root to the tip of the aileron. A small separation bubble is observed near the trailing edge covering the same length as the crossflow. At 16° the flow is separated as shown by the tufts pulling up, away from the surface. There is a strong crossflow, tufts are oscillating in the direction of the aileron tip. When we evaluate the behavior of tufts for SWJ1 at NPR2, the flow seems to be attached presenting conditions similar to the nominal aileron deflection angle of $\delta_a=7.5^\circ$. From the flow visualization alone, there is no significant improvement by increasing the actuation amplitude to  NPR3  for SWJ1.


@j Sweeping Jets: Spanwise Cp Distributions

* Increased suction pressure upstream of the
Aileron aileron section

< »

* Suction pressure increases with actuation
amplitude

 AFC effects are noticeable inboard of the
aileron

 SWIJ1 at NPR=2 similar performance to SWJ2
at NPR=3

/

Pressure ports
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* NPR=1, flow separation at the aileron’s TE

 AFC cases: Suction pressure increased: slat + main element

* Flow attached: SWJ1 at NPR=2 and SWJ2 at NPR=3

* G, distribution improvements are consistent with C_increase
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7( CD Steady Jets: Lift Coefficient
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7( CD Steady Jets: Drag Coefficient
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7( CD Steady Jets: Lift-to-Drag ratio
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Presentation Notes
Steady jets CD1 at NPR =2  show am elimination of flow separation just like SWJ1 at NPR=2. In the case of the steady jets we observe the same behaviors found for sweeping jet actuators. A small difference can be seen at CD2 NPR=2 in between \eta=082 and \eta=0.91 there are a few tufts 
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Steady jets CD1 at NPR =2  show am elimination of flow separation just like SWJ1 at NPR=2. In the case of the steady jets we observe the same behaviors found for sweeping jet actuators. 
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7( CD Steady Jets: Amplitude Scan at 16°
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Steady jets CD1 at NPR =2  show am elimination of flow separation just like SWJ1 at NPR=2. In the case of the steady jets we observe the same behaviors found for sweeping jet actuators. A small difference can be seen at CD2 NPR=2 in between \eta=082 and \eta=0.91 there are a few tufts 


7( CD Steady Jets: Spanwise Cp Distributions

* Increased suction pressure upstream of the
Aileron aileron section
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* Suction pressure increases with actuation
amplitude

 AFC effects are noticeable inboard of the
aileron

 (CD1 at NPR=2 similar performance to CD2
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* NPR=1, flow separation at the aileron’s TE

e AFC cases: Suction pressure increased: slat + main element
* Flow attached: CD1 at NPR=2 and CD2 at NPR=3

* Flow separation reduction: CD2 at NPR=2
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CP distribution improvements are consistent with increase CL



AFC Evaluation Parameters

SWI1

sw -

CD2 CD2

CD1

SWI3 SWI3

SWJ1
CD1
SWJ2
CD2
SWJ3

SWJ2
CD2
SWJ3

*  Maximum improvement SWJ1
e SWIJ2 and CD2 have similar performance improvements
* At NPR=2,CD1: CD1 has lower C_than SWJ1
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AFC Evaluation Parameters

SWIJ1
CD1
CD2 CD1
CD2
SWJ3 SWI3

SWJ1
CD1
SWJ2 SWJ2
CD2 CD2
SWJ3 SWJ3

e  CDs more efficient than SWJs for this 3D flow field

e (CD2 and SWIJ2 have similar performance levels
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These assessments are considering the NPR input as an independent variable. 
Cq=0.00025

Arvin’s Cq = 0.000


Summary

» An experimental investigation was conducted at the NASA Langley 14- by 22-Foot
Subsonic Tunnel on the NASA 10% scale High-Lift Common Research Model in the
takeoff configuration.

» AFC was applied to the aileron to enhance the L/D ratio for an aileron deflection angle
of 16 degrees, HL-improved takeoff configuration.

» AFC performance was assessed using tuft visualization, steady surface pressure
measurements, and force and moment data.

» All AFC cases resulted in increased C; and reduced Cp, resulting in higher L/D ratios for
both SWJs and CDs.

* CDs demonstrated higher efficiency with similar aerodynamic performance compared to
SWis.

» Localized AFC was able to achieve drag reduction within a specific range of constant
C;.
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SWJ1 Actuators close-up
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CRM-HL Trip Locations
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CRM-HL Trip Locations

nacelle wing tip

strake

fuselage nose
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